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ABSTRACT 
 
 
 
 
Process tomography is a tool that provides an unperturbed way to examine 
and investigate the internal behaviour of flow process.  The tool has successfully 
made a beneficial contribution in measuring parameters such as mass flow rate, 
concentration profile and particle sizing.  Among the parameters that can be inspect-
ed using tomography technique is the turbidity level of water.  Most of the turbidime-
ters in the market are in the form of point sensor, which means the meter needs to be 
put on the water sample.  This kind of measurement is unsuitable for industrial flow 
since it disturbs the flow.  The investigation in distinguishing the spatial distribution 
in two-phase flow attracts a major interest in industry.  In beverage industry, the 
existing of gas bubble in opaque liquid such as milk has degraded the quality of 
product.  This thesis presents an investigation into the application of optical tomog-
raphy through the use of Independent Component Analysis (ICA) method to estimate 
turbidity level of water and explore the presence of gas bubble in contaminated 
water.  The system consists of eighteen infrared transmitters and eighteen receivers 
in which the light projection is designed in fan beam mode.  An ICA algorithm has 
been implemented to analyse the data and the LabVIEW software was used to 
construct 18 x 18 pixels of concentration profile.  In water turbidity experiment, 
several volumes of green colour ingredients were mixed together with pure water for 
varying the turbidity level of the water.  For gas bubble's investigation, three types of 
flow conditions were studied: low bubble flow, medium bubble flow and high bubble 
flow.  The behaviour of gas bubbles was investigated in contaminated water in which 
the water sample was prepared by adding 25 ml of colour ingredients into 3 liters of 
pure water.  The result shows that the application of ICA has enabled the system to 
estimate the turbidity level and detect the presence of gas bubbles in contaminated 
water.  This information is expected to provide vital information on the flow inside 
the pipe and hence, could be very significant in increasing the accuracy of the 
process industries. 
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ABSTRAK 
 
 
 
 
Proses tomografi ialah satu kaedah yang membolehkan pemeriksaan dan 
penyiasatan dijalankan terhadap keadaan dalaman proses pengaliran melalui teknik 
tanpa gangguan.  Alat ini telah berjaya dimanfaatkan dalam mengukur parameter 
seperti kadar aliran jisim, profil taburan dan saiz zarah.  Di antara parameter yang 
boleh diukur melalui proses tomografi adalah kadar kekeruhan air. Kebanyakan alat 
pengukur kadar kekeruhan air di pasaran adalah dalam bentuk penderia sesentuh di 
mana penderia itu perlu diletakkan di dalam air.  Cara ini tidak sesuai dalam bidang 
industri pengaliran kerana ia mengganggu pengaliran.  Penyiasatan tentang penga-
singan dua fasa yang mengalir mendapat perhatian yang tinggi dalam industri.  
Dalam industri minuman, kehadiran buih gas dalam cecair legap seperti susu telah 
menurunkan kualiti produk.  Tesis ini mengemukakan satu penyiasatan tentang 
aplikasi tomografi cahaya melalui kaedah Analisis Komponen Bersendiri (ICA) 
untuk menjangka tahap kekeruhan air dan kehadiran buih gas dalam air yang telah 
dicemari.  Sistem ini mempunyai lapan belas pemancar infrared and lapan belas 
penerima di mana unjuran cahaya direka dalam bentuk kipas.  Algoritma ICA telah 
digunakan untuk menganalisis data dan perisian LabVIEW digunakan untuk 
membina profil taburan berpixel 18 x 18.  Dalam eksperimen kekeruhan air, 
beberapa isipadu pewarna makanan berwarna hijau telah dicampurkan ke dalam air 
bersih untuk mengubah tahap kekeruhan air itu.  Dalam penyiasatan buih gas, 
sebanyak tiga jenis pengaliran telah dikaji: pengaliran buih rendah, sederhana dan 
tinggi.  Penyiasatan gas buih dilakukan dalam air yang telah tercemar di mana air itu 
disediakan melalui campuran 25 ml isipadu bahan pewarna ke dalam 3 liter air 
bersih.  Keputusan menunjukkan bahawa penggunaan ICA membolehkan sistem 
menjangka tahap kekeruhan air dan mengesan buih gas di dalam air yang telah 
dicemari.  Informasi ini dijangka dapat memberi maklumat penting tentang keadaan 
pengaliran dalam paip dan seterusnya memberi manfaat dalam meningkatkan 
ketepatan dalam industri proses.  
